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SUMMARY

Several methods ,for aerod?pmmie reduction of

error.v in ,_ensit_,g ,_tatic press_tre,_' at mtbsonie, near-

some, aad low ._upersonie _peed,_' were 'b_re._tigated by

tests of error-reduction, probe,_' ahead o.f aircraft

,model,q i_t tral_,_'onie wimt taltl_el,_'. The te,_ts were

conducted at ][ach, number,_" Jrom 0./¢ to 1.2 u'_th

Reynolds number,_ (per .foot) .from 2.3X106 to

4.2 X lOe /'or angles of attaek from 0 ° to S °.

TDe l_rincipal statie-pre._'._ure error i_ve,_'tlgated

wa,_ that due to position o.f pre,_'sure-,_eiv_'ing dev_ce

ahead o.[ alrpla_e f_t,_.elage or mL_',_'ile m)se; a suitable

meal_s for estimatb_g thi,_" error was prorided by com-

bined .flight and u'_mt-t_Jtl_el data. ;1 .l_ethod o/

error compensation by use ,.f probe-suL'faee b_,du, eed

preu,_ures iu described aml resull._' of te,_'ts to rerifg

the ,method are ineladed. Other b_,e._'Hgated error,_'

included those as._'oeiated u'_th bow-ware pa,_,_'age at

low ,_'uper,_on_e speeds aml with, a_gle ,!f attack.

Nbnple n_ethods for eombi, ing the aermly_amie re-

duction of th,ese error,_ with, aer,,h.p_am;e compen,_,a-

tion Jot positio_ error are de,_eribed and experime_tal

re,_ults that ralhtate tD,e,_'e _nethod,_ are pre,_'e_ded.

Re,_ults qf the preuent i,re,_t;;/ation imlieated that

static-pres,_ure probes o.f simple de,_4g, calf be u,sed

to eompe_._'ate aerodynamieally .t))r position errors

at ]lack numbers u.p to _tbout 1.0 w/th, resultant

statie-pre._,_ure errors of le._'._' than 0.:7 peree_d_-

equivale_t to altitude error,_ q{ about 100 feet. The

result,_' also showed that probe,_' of appropriate design,

can aerody_mmieall!l reduce eo,_bined errors due to

position of ,_e_._ng device and bow-wave pas,¢age, or

to po,_iHot_, aml a_gle (_ attact', to resultant error,_ of

le,_',_ tha_t 0.5 p_rcent.

INTRODUCTION

The advances of aircraft speed into and through

the transonic range, with alt(,mlani increases in

flight-safety l)rol)lems have a('('(,zituale(1 the need

for hnprove(| ll('('ura('y in (h,terniining the flight

pai'aluelers of a]iitu(](', aii'spee(I, and Xliich

niiint)(q'. Tiffs n(qqied lieellrilcy is ]avge]y di,pelid-

eiil li])Oli the ('ori'(wt, lil(_liSlll'eliielil, of _'ree-sl,roalii

shllic |)l'(,_<_ur(,. The ll('('urlile delerininiltion of

titis ])l'i,S_llre lit li'iiilSOili(' speeds is dilth'ull>

]lowevlq' prili('il)liliy 1)e('ailS(! of |)i'eSSllr(, Sl,liSilig

(,rroi',_ lis._ocilile(l with tlio sllilie-l)l'e<_sur(, i)ro])( ,

and its llltiiu(le and position in tile dislui'li(,d

field of flow iieltr liie liir('rilfl_. The liiligliilll(ie of

slieh Ol'l'Ol'S, ils ili(licllle(] t_y I]iKht dlilli for COil-

vontioual noso-1)ooln ilirspi, ed inMiilllilions litielid

o[" ¥1irious aircraft (ret'. I), is sonielinies larger

I hiin 10 ])el'oonf0 o[" t ho freo-slrealii slat, it l)res._llrO

let trlmsonio speeds (fig. 1); this is oquivahml Io

altitude errors of several thousand feet and to

X[aeh nliini)or ori'oi',_ ol _ l/i)proxiliiiiiely 10 ])erc(qil

tit near-sonic sl)eeds. The ilec(,ssiLy for re(hl('hlg

errors of this nillgnitu(le has recently been eml)lia-

sized in ('Ollllectioli with fliglit-saf(,i,y prolilenis

lissooiated wilh liii'-lralfio control (where verlical

seplil'alion of air('rllfl[ is iieoossary for avoi(ialiCe

o[" niidilir collisions) and with tile liecuralo ])er-

fornnlli('e o[" t)ressure-sensitive lillloiiiitli(" Colilrol

s.vsloiiis oP aii'plilne._ iln(l i-loro(lyiiliiiiic nlissih,s.

i <_lali('-pi'e_._llr(,-liieilsurenienl lie('lll'iley (,quiv-

a|ent, 1o it pressure-ll]litude i_O¢lll'iwv 02 lll)oul 100

feet llppelil'S (l(,sir_d)le fi'onl considerations of

flyiliK safely Ill both sul)sonio and super._onic

speeds. Figure2showslhat thispressure-allilude

i/e(_tli'aey eorrespoilds fol" Man(tar(| lilniospheric

eondition_ (ref. 2) 1o ilhout 0.,5 percent of liie

stalic pressuro. The Mlliil]iilenl, of lifts a('elirilov

i)y llSe. o[" il e.onvenlional nose-]ooolli presStll'O

installation ahead of tl typical airerafl would
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FI(;VRE I. --St'ttic-t)ressure errors due to position of sensor ahead cf various aircraft at subsonic and transonic sp('eds.

Data from reference 1; dimensions are in feet.

m,(.t,ssitate the use of an impractically long boom

ext(,mling several ruseh_ge diameters _llLe_(l of the

aircraft nose. The use of a boom o[' any t)ractical

length would 1)osition the 1)ressure-scnsing'orifi(,('s
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(a) Vari.ttion of st'die-pressure error with .dtitude.

(b) Variation of st'dic-l)ressure and Math numt)er errors

with Math mlmt)er. 36,000 feet <hv <65,800 feet.

FI(;URE 2. Static-pressure alld 3,lath number errors

corresponding to pressure-allitude error of 100 feet, for

stalldar(-[ atmospheric conditions.

in a fiehl of increasing dislm'banee near the

air('raft where pressures sensed by a conventional

prol)e wouhl r(,(luire ('orr(,ction for l)osition error.
This ('orre('tion can lie applied by use of electro-

me(*hanical systems (ref. 3), 1)ut the eomplexily

of su(*h systems emt)]msizes the desirability of

utilizing simpler error-e<>ml)ensalion <levi('os tms(,d

on aerodynami(_ instead of ele('trical nnd me('hani-

eal print'titles. Some e'_rly work on aerodynamic

eomp(,nsation of position error was deserit)(,(I in

rel'(,r'(,n('(, 4 and more recent investigations were

rel)orte(l in referen('(,s 5 to 8; these previous

attempts eml)loye(l (he bnse i)ressures of bluff
])o(li(,s for error ('Oml)(,nsation.

The present resear(']) was undertal,:en to investi-

gate an a(,ro(lynnmi(.-('ompe)_salion m(,thod based

Ul)On the simple aero(lymmfi(' co)wept of using

ill(|ll(*ed pFeSStll'es lower |[lltll [l'e(" Stl'elllll lit SHF-

faces of bodies of revolution to eOml)ensate for

the pressures higher than free stream at si,le('(:(,(l

positions ahead of aircraft noses. This inv(,stiga-

(ion involved win(l-tunnel tests for experimentally

(.hevking the l)('rformances of 1)robes (lesig)wd to

comf)ensate aerodymmfi('ally for the position error
ahead of sew,ral aircraft models at subsonic

spee(Is as well as l)rol)('s designed (o l)rovide rree-

stream static pressure at low SUl)ersonic sl)eeds

aim aero(ly)mmic compensation for position error
at sul)soni(' spee(Is. ]h'ol)(,s design(,d to provide

aero(lyn'mfi(' re(hwtion of combined errors due to

sensing-(levi('e position and angle of attack were
also (('ste(l. The tests were ('ondu('((,(l in tran-

SOlli(' win(] lunl|('ls a( the l,a)igley R(,sear('h ('enter

at Mach numbers from 0.4 to 1.2, Reynolds

numbers (per foot) fi'om 2.3X 1()_ to 4.2X 10r', and

angles of attae],: front 0 ° to 8 °.

SYMBOLS

d maximum (liamet(,r of probe

D maximum diameter of body or fuselage

.f fineness ratio of body or fuselage
h,p pressure altitude

1 effect iv(, length of body or fuselage

(twice (he axial (tistanee from nose
to maximum-diameter station)

31 local Math number

31_ free-stream Mach numl)er
_:l[ Ma('h nund)er error

p local static pressur(, or pressure sensed

|)y probe

])TC tllnnel=('_lli])rat tOll referen('e l)ressllre ill

(nnl,: stlrrotm(litlg slotte(l test se('tion

p_ free-stream static pressure

pt stagnation or total l)ressure

r local I'ndius of body

1: Reynolds numt)er or ra(lius of ('ir('ular-

are support strut,

l' free-st ren,n velo('ity
x axial distance fronl nose of nir('raf( or

model

x' 'txial (lis(an('e from tip of probe nose

y' distance from ('enler line to surf nee of

l)t'()l)(,

a angle of altaek
0 eir('umf'erenlial location of orifi('e from

the bottom of (he 1)robe

u viscosily of air

p mass density of air (free stream)

Sul)seril)lS :

(lex design value
IIhv(/S [lle_lSlll*e(| vnllle

x wdue at 1)osition x ahead of ai,'eraft or
model nose

1, 2, 3, 4 axial locations for t)rot)(, orifi('(,s

PRINCIPLES OF ERROR-REDUCTION METHODS

COMPENSATION FOR POSITION ERROR

The l)resenl method of obtaining an accurate
indi('ation of free-streain slatie l)ressure for aircraft

or missih,s depends on the approximate cancella-

tion of two I)ressure eharaeteristi('s, as illustrated

in figure 3. The first dmra('teristic, the axial gra-
dient ot' static prosstll'e ahi,ad of a hotly (fig. 3(at),
arises from (h,eeh'ra(ion of the flow ahead of the
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[b)

.Nose of aircraft or body

EffectivelengthZ_

0 Data for17 differentairplanes(ref.I)

[] Data for 2 bodiesof revolution(ref.9)

Data from present tests

Slender-nose transonic aircraft model

,-, a:0 o

- v a=8 °

_> Blunt-nose body; = : 0°

,_ Intermediate-nose body; a : 0 °

!'. ]
M®: _.02

J

. 5 . 4 , 5 . 6 . 7 I B "9 I'D I'1

M,

(a) Static-t)ressure urror due to sensor position in subsonic

flow ahead of aircraft for :_ t)articular Much number.

(b) Prol)e induced pressures suitable for use in aero-

dynamic compensation for posiLion error for a particular

Mttch number.

(c) Typical variation with Math numt)er of error to be

compensated 'u,d of apI)roximate compensation :Lfforded

by probe induced pressures.

FIGURE 3.--Illustration of present method involving the

use of probe-surface induced pressures for aerodynamic

compensation for static-pressure error due t.o sensor

position ahead of aircraft at subsonic and near-soni0

speeds.

body at subsonic st)eeds. It wouhl be d(,sirable to

know lhes(, gradients 1)r(,('isely for any configura-
tion on which it is m,c(,ssarv to install a static-

pressure sellSOl'. I[owever, it' su(,h measurements
are la('kitlg, these pressure gradienls and !twit

variatiovl with Nlach number may })e estimated

from a generalized ('hart (fig. 4). q'his chart com-
1)im,s ,lala from r(,fercn('(,s 1 and 9 as w(ql as data

from the present investigation for configurations

simihtr to airplatle t'ustdagcs aml ndssilc bo(li(,s.

Similar charts couhl 1)e developed for locations

ahead of aircraft wings by use of such data as are

given in references 10 and 11.
The set'anti pressure chara(.teristic is that of the

in(h,('(,d ])r,,ssur(, on hodi(,s, g(,n(wally bodies of

C

0

0.80
0

o. o
(:

( Moo: 0.60

M_ : 0.40

C .I .2 .3 .4 .5 .6 .7 .8

xlZ

l:i(:uIt]_ 4. -V:_riati(m of position-('rror l)-_r'mmter

(l/l))_ _ -Y_ with (tistan('c ahead of aircr'fft or

:wro( yvmmic bodies :d Math vmml)('rs from 0.-t0 to 1.02.

revolution. (St,(, lie. 3(b).) It is demonstrated in

this r,,port that orifices can bc located ()n such

bodi(,_ at points wlwr(, ttw magnitude and varia-

tion _"ith Math number of surface l)r(,ssur(,s is

ol)i)osi t(, to that (,xistiniz in the (ield ahead of a fusc-

lagt, (tie. 3((')). For |.,s! result, s, then, a probe

shouh 1)e shape(I to l)rOdtWe induced 1)ressurcs

api)ro::imately opposite to the errors du(' to posi-
t.ion wh(,n a (.ompaHson is math' on llw basis of the
local ._ la('h mmfl)er at tim station of m(,asu,'c,m(,nt

(fig. 3c)). Sufti('ient data art, available on body-

of-revr)hltion l)r('ssur(' (listrihuii(ms to provi(h, a

wide ]ange of seh,ction of inducc,(l-pr(,ssur(, h,vol.

(See, for examph,, refs. 12 to 17.) Some of these
data which have 1)(,on used for the desigtl of

])robe.,. used in the 1)r(,st,m iwv(,_tigation art, shown

in figl_,'(, 5.
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(a) Body of revolution with b.tsic-sh'tp{, afterbody, f::- 12;

D_3.33 inches; orifice {thtnmler=0A)20inch. ])'_taare

averages of values from references 12 to 14, and from

unpublished measurements.

(b) Body of revolution with cylindrical afterbody, f= 12;

D=3.33 inches; orifice diameter=0.030 inch for nose

and 0.025 inch for cylinder, l)ata from reference 15.

(c) Typic.d transonic body. f=6; D=4 inches; orifice

diameter=0.010 inch. Data from reference 16.

FmURE 5.--Several bodies of revolution and their experi-

mentally determined surface t}ressurcs suitable for use

in the aerodynamic compensation for position error

ahead of aircraft at subsonic and transonic speeds.

a_0°; pt-- 1 atmosphere.

OTHER ERROR CONSIDEIIATI()NS

Combined errors due to sensor position and

bow-wave passage. At, supersonic speeds after
the aircraft bow wave has moved some distance

downstream of the static-pressure orifices in a

nose-I}oom installation, the sense(t pressures are

unaffected by aircraft disturt)ances. The free-

stream static pressure can then |)e sensed })y

means of orifices in cylindrical-tui)e surfaces of

probes designed also to provide induced pressures

for compensating position error at subsonic speeds
(fig. 6(a)). For such probes the pressures sensed

by orifice systems A and B (fig. 6(a)) may be indi-

cated by separate instruments or I)y a common
instrument and appropriate swit('hing t)etween

the alternate orifice systems. Automatic switch-

ing devices may be actuated by the ratio of static

pressure to total pressure or by the differential

pressure associated with t)ow-wave l}assage.

An arrangement for obtaining, by use of a com-

nmn systenl of orifices, approximate free-stream

pressures at supersonic speeds and induced pres-
sures suitable for error (.ompensation at subsonic

speeds is illustrated in figure 6(I)). Tt,c aero-

dynamic basis for this arrangement is associated
with fundamental differences t)etween subsonic

an{I supersonic pressure distributions for nose

surfaces, as illustrated by body-of-revohdion t)res-

sure distributions shown in ligure 7 (data from

refs. 12 to 14 and 18). For the case illustrated in

figure 7, it is apparent that apt)rex|mate free-

Stl'ealll pressures at sut)ersonic sl)eeds an(l (,Olll-

pensation at, subsonic st)eeds may be obtained by

a single ring of orifices at x/l_0.21 or t)y several

rings of orifices at difl'erent axial stations (fig.

6(b)). Other information concerning the use of
nose-surface orifices for sensing pressures al super-

sonic speeds is reported in references 19 and 20.

Combined errors due to sensor position and

angle of attack.--At ang|es of attack other than

zero, the sensing of free-stream stall<' t)ressures by
nleans of aircraft nose-1)oom I}ressure installations

involves errors associated with (.]mnges in the

crossflow around the pressure-sensing tn'obe at all

speeds and with flow changes in the disturbance
field of the aircraft due to changes in angle or

attack at. sul)sonic and near-sonic sl}eeds. Figure
8 illustrates the variation of induced circumferen-

tial pressure distributions for a l)robe-lype

body of revolution at various angles of altack.

It is al)parent that such variation can cause sig-

nificant change in the average pPcssure Selisod I)y
interconnected orifices around the circumference

of a probe. These variations can I)e largely

avoided by locating i)rcssure-sensing orifices about
37.5 ° fronl the bottom (stagnation I)oint of cross-

flow) of the probe. (St,(, fig. £ and refs. 20 and
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"-Orifices for use at M>I
when bow waves due 'to air-

craft and probe enlargement
are sufficiently far down-
stream of this location

(a)

"Orifices for use at M<I, may be used
at M>I when a_rcraft bow wave is up-
steam of these locations

A B

Orifices for use at M>I when aircrofl bow wave _s suft:ciently far
downstream of this location

Single ring of orifices

Several rings of orifices
open ta common pressure-
averaging chomber_,

J
I

J
L

(b) ! l_.

(a) Two ,_y.qcms of orifi(._,_, one for use at, subsonic "m(l ncar-,_(mic SlH,('(ls :rod the other for u._u :_t supersonic speeds.

(,I)) Single system of orifices for u_e "d, both sub, chic and supersonic Sl)ccds.

FI_;UltE ft. -SevcrM arr:m_rmpnls for directly sexlsing l, he frce-,',tr_am stat, ie ])rp._sHrt, at, sHbsonic -tnd supersonic

spe(,ds by means of prot)e-surfite(_ orifices.
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(a) Pressure distributions "_t subsonic and supersonic

sp(,eds.

(b) Variation with M,'tch numlmr of body-surface pressures

at z/l 0.2125.

Ft(;UttE 7.--Illustration of l)ressure-distribution changes

with Mach llllllll)('l" which permit tim selection of l)o(ly-

of-rcvohition nose ()rificcs for in(lic'ttin_ "tl)l)roximale

frt'c-s(t't_alli prossllrl's :tt Sil|)(q'SOllie s][)(_e(ts lind illduccd

pressures at subsonic Sl)Cr(Is. f= 12;or--l) °.

21.) This indicated insensitivity of local 1)robe-

surface pressures at 0:37.5 ° to angle-of-attack

variation was in('orponded into the design of

prol)es brielly tested during the present investi-

gation.

Another method for aerodynamically re(lu<'ing

static-l_ressure error due to inclination of a probe
with o:ifiees arotmd the entire ('ireumferen('(, in-

volves _he simple procedure of designing the i)rol)e

_.0 S(qlSC' pl'l'.'4F, lll'PS SO]lle_,VJlllt larger t}ltlll fl'l,e-

st]'eam values when the probe is at o_--0 ° in onler

to extend the attitude range that can be loh,rah,(I

while lhe error is kept within a(.('cptal)l(, limils.

This t)_o('edure invoh-es th(, ('ah'uh_ted tmder('oIn-

1)ensation for position error at sul)sonie and near-

so]fie s3eeds and the use of orifice arrangements

I'or providing ])ressures larger than free stream a!

SUl)e,'s(,tde sl)eeds. The use of orifices h)('ated at

regular close interwtls armmd the entire eireun_-

l'eretme of the l)robe then provides for the reduc-

tion of error due to prol)e in(.litmtiot_ in any i)lane.
An exl,erimental check o1' this method was ob-

tained (luring lhe present investigation.

APPARATUS

WIND TUNNELS

The tests of the present investigation were

con(lu(h,d in the longitudinally slolted test

see/ions of the lmngley Sml'oot transonic ttmnel

and the Langley 8-foot transoni(' l)ressure tunnel.

A des:'ription of the Imngley ,q-root transonic
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tmm('l, inclu(ling Ih)w and inh, rl'(,renre ('hara('ter-

isti('s, is given in r(,l'eren('e 12. t)erli,enl (h, lnils

(,on('ernitlg the mo(h,l support system and th(,

E(K)III('IFy O[ t]lO test se('lion of the Imngley S-fool

tl'_/llSOlli(' t)r('sSUl'(' tumw] are showll ill figure 9.

In this facility the open area of (h(' slotted tol)
and I)ottom walls ('omprises approximately 5

i)(,r('ent of th(, total l)eriphery of th(, test se('tion;
the eross-se('tiomd area of the lest region is np_

proximately 50 S(lttar(' feet. The humidity is
(.ontrolled I)y drying the area in the tunnel to

approt)riate dewl)oints betw(,en 0 ° F and --40 ° F.
._:m._,;.)(;,)-- '2

MODELS FOR POSITION-ERROR MEASURE MENTS AND PROBE
TESTS

Sting-mounl(,d mod(,ls ('mt)loyed for position-

(,trot m(,_lsur(,m(,nis and for I)rot)(' t(,sIs dm'iug the

1)resenl inv(,sligation are shown in tigur(, 10.

The mod(,1s utiliz(,d slender, bluff', _l.tl(l inter-

m(,(li_m, nose shal)(,s to ])ermi( experim('ntal

studi(,,_ of I)osition error and t)rob(' I)('rform_mv('
a,he.d o1' a(,rodym_mi(' configurations havi._z dif-

f(,r(,I]l, nos(' shal)('s. Th(' sl(,n(h,r-nos(, trans()ni('

air('r_ll't rood('] in('lu(h,d t'us(,h_ge, wing, and hill

surfa('os, the prin('il)nl dimensions _md nose ordi-

nat(,s o1' whirh at(, given in tigur(, 10(n). Th(, bluff-

nose t)ody o1' revohJtion utilized _:t h(,misl)h(,ri(.al

nose as illustrated in figure 10(t). Th(,i)Herme(li-

ate-nose I)ody of r(,volutio, dig. 10(c)) ulilize(I a

nose shal)e whi('h simulate(l tirol of a sul)soni(.

(ransl)or! airl)huw. A l)hologral)h of lh(, sh,n(h,r-

nose mo(|(,l with _m ,wrodymlmi('-('Oml)(,,s,l(ion

l)rol)(, (,xl(,n(ling ah(,a(l of (h(, l'us(,lag(, noso is

shown as figure 10((!).

STATIC-PRESSURE TUBES AND PROBES

Tubes for measurement of position error ahead

of models. The slati('-prt,ssur(, surv(,y Iul)(,s

use(| for mr, a start, merits of position (,rror ah(,a(l of

(he models shown in tigtu'(' 10 consisted of 0.375-

in('h-(|iamet(,r s(e('| tul)ing with ogival noses at

th(' upstream (rods. Th(, tubes ('onlain(,d 0.():_;I -

in(,h-diamett'r I)r('ssure orifi('(,s it_stall(,(I at v_u'ious

_xial locations sufli('i(,mly far (more (ban 10 tub('
diam(,t(,rs) downstream of the lub(, nos(,s (o I)e

(,ss('nti_Ity tmitdlu(,n('(,d by flow gradit,n(s due to
tile noses.

Probes for aerodynamic compensation for posi-

tion error at subsonic and near-sonic speeds.

Several prot)es used for a(,rodynami(' ('Oml)ensa-

lion for position error ahea(I of models in this in-

vestigntion are sImwn in figure l l(a), and lh('ir
ordinates are given in tat)h, !. l'rob(,s 1 and 2 are

of the same design and utilize a nose shat)(, similar

to the forel)ody of an extensively tested bo(lv or

revolution (r(,fs. 12 to 15) for whirl) 1)ressur(, dis-

tril)utions are given in figures 5(a) and 5(1)). A

photograph of pro|)(, 1 is shown as figure l l(I)).
l'robe 3 utiliz(,s the same nose shape as 1)rot)(,s 1

anti 2 but the arterl)o(ly is in(h, nt(,(I, as shown in

figure 1 l(a). i t)hotogral)h or t)rot)(, 3 is shown

as figtlt'(, 11 (c). Prol)t,s 4 and 5 are of ith, nli('al

(h,sign (fig. ll(a)) and hav(, the nose shat)(' of the

"typi('aI transoni(' body" des('ril)(,d in r(,ft'ren('e 16.
All of the probes had the same diameter (0.375



<_ TECHNI(!AI. REP()I{T I'P. IS NATIONAI. AEI{ONAUTI JS AND SPACE ADMINISTH, ATION

I
(a)

Center of rotation _ = i130

Probe orifices '_l_m,'_._ ",._;_

," Test region -

7 60 " _._.-_._

Movabte

circular-arc
sdppor I strdt

r

(b)

Fi_; ( I{E !).

n n ................ :+:

Center of rotatior, R :180

Probe orifices-,

- 40 -- 55 -

2 Test region -

g _ 72 _ 60 " :''"'"':<: ...... /

(n) Small-size l)robt' ahead of ._h,nd(,r-i.._e aircraft nto(h,l.

(I)) I,arg_,-size prut)e in+,<talh,(t for c:dil)rali(_ _ at tl',_tnsollic Sl)e(,ds.

e

i
-Sketches of typical at'rangumutH_ for testiH+4 :terod3"nan_ic-c( tnl)un_ali(m l)r()bes in the I,ang|ey 8-foot t ran_,.mic

])_e_,.'.ur(' tunnel. All (limen+_ion_ : re in iHch_,_.

in.) antl were designt,d for use with the models

shown in [|gut(' 10. Probe (.onstrt_(+tion a('cura-

('ies, _s indi('att'd hy _verages of nl(,tl+surentents of

radii at four ('ir(,umferential stations .90° apart,

_tre shown in figure 12. lh'ol)e surflwes were

maintained smooth and free of al)pre('iable irregu-

hu'ilies by use of ('rot'us abrasives ai)plicd in the
streamwise dirt,el ion; no lnt, asuremet_ts of surface

rottghness wert" m_t(h,. Distributed roughness
about 0.003 inch high, estitnated to be adequate

for tixing transition (refs. 22 and 23), was used

near the upstream ends of the prot)e noses (fig.

11 (a)) to insure uniform conditions for all tests.

Probes for aerodynamic reduction of combined

errors due to position and bow-wave passage.--
l)robes 1A and 1B, which were ust'd for a('rody-

nanti(' cotnl)(,nsation for position error n t subsoni("

Sl)et'(ls and for sensing fre('-stre_ut_ I)r('ssurt's at

Sttl)ersoH(' Sl)('('ds , are shown in [igure 13; tht,s(,

probes _vt,re tit(, sam(, _s pr<)be 1 ex('el)l that a(Idi-

lionM 1.resst_re orifi('es were installed at sehwt(,d

_xial h)'ations. These l)robes had approximat(,ly

the sane surfa('<, ('ontlilions and transition-lixing

(liutril)t ted roughness (tse(| for l)rol)e 1.

Prob,;s for aerodynamic reduction of combined

errors <_ue to position and angle of attack.--Prot)es
IC and 5C, which were tas(,d for ('oml)ining the

aerod37, am|(' ('Oml)ensation for t)osition error wit h

a, simp e method for aerodynamic redu(+tion of

stati('-t)r('ssut'e error due to angle of' attack, _u'e

shown :n figure 14. These probes were tit(, same

++s])rob,,s 1 and 5 ex('ept that tit(, l)ressure orifict,s
used w!th l)robes 1 and 5 were filh,d with soh1<,r
and at tit(, s_+t_t(, axiM lo(.alions new 0.031-in(']_-
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Sting
I I _ support

/6-1o .375 ,- / / -

I (nose) _' - ' - _

- 36.00

la)

Nose ordinoles Distributed
roughness 12 orifices (O.051-in. diam.)

x r for fixing circumferentially spaced 30 ° aport
0 O. t 88 transition, and open to common chamber

.5 .292

I.O .404 _ Z_
,s sl2 i :: t @
2.0 .616 .2 *'1 k
5.0 .805 .5 _ - .125
4.0 .975 _ L85

5.0 I.II8 ,.J6.0 1.235 Z/2:225 _, Circular
7.0 1.336 (ogwe nose, f:12] cylinder
8.0 1.423
9.0 1.494 Probes I and 2
IO.O 1.546
11.025 J.575

(b)

• Holes for mounting sm01bsize probes

.375 j1/I _ Sting

l "_ / | 'Support

2.oo V k

Hole for mounting small-size probe

Sting support,

is

--&OO(x=r ) -

- I0.00 (nose} "114.00 -
(cyfinder)

(c)

_- 5.30 "1
Nose

Jr

0
.I
.2
.3
.5

1.0
2.0

5.0
4.0
5.0
6.0
7.0
8.0
9.0

IO.O

ordinates

t"

0
.316
.447
.548
.708
_.000
1,414

1,732
2.000
2.236
2.450
2.646
2.828
2.960
3.000

12 orifices (O031-in. diam.)
Distributed circumferentiolly spaced 30 ° aport

roughness, .375 and open to common chamber

.3 _, Z/2= 2.25 _ i i .25 .125
i
[" 296 ,4 i Aircraft -model

3.50 (body wqth ogwe Circular nose
nose, f= 12) cylinder

Probe 3

Distributed
roughness

"-%3i
_z/2: t.125_

'(ogive
nose,
f=6)

la)

12 orifices (O.O$1-in diam.)
circumferentiolly spaced 30 ° aport

and open to common chamber
!

.125

Circular
cylinder

Probes 4 and 5

(a) Sh,n(h,r-n(}se transonic aircraft model.

(I)) lHulf-nu_e t)ody of re'volut loll.

(c) hlt(,rmed, ial(,-nos(' body of rcvohllion.

(d) Hh,nd(,r-tmse lrnnsotdc nircrafi model with aero(ly-

II:ttlti('-COIllp('tlSlili(lll [)l'o|)o ll}tl'tl(] ()f ltlO(]('l IIOS(L

]:Hit'RE 10. Stillg-lnount('d win(l-tulm('l nlo(|(,l_ .t|l(,:l(| of

which n('ro(13'n:tntic-conq)('nsatiotl ])ro|)('s ",v('rr lest('(|

and l)osiliolP('rror lli('itSttFt'ln(qllS W('t'(' ohl4in('([ (|lll'itlg

tit(' I)resenl inve_li_zali(m, l)imetlsion_ and or(titmh'_

are _iven in inche_.

(lianteler orifices, opening inlo a common setlling

chamher, were cir(.umferentially sl)aced 75° aparl

(fig. 14). l'rohes ]C and 5C had lhe same _urface
con(Ill|arts and transilion-lixing rou_zhness used for

l)rohes 1 and 5.

(_) L-SS-1318

(a) t't'M)c <let:dis "ll_(t <linlensi.ns.

(|)) l)rol)( ' 1.

FIGtRE 11. l)rol)es used for ('Xl)('rim('t_t:d v('rification of

ill(luc(,(l-l>rrssur(, m(,l hod fur n(,rodyn:Hnic cotnl)Pns4t ion

for si:dic-l>ressltru error due It) l)_)siti[>n. Alt (litm,t_sions

nre in inches unh,ss ()! hcrwise Silt'tiffed.

Large-size probes used for measuring effects

due to angle of attack and nose-geometry change.
Prohe 6, employed for a hrief investigation of the

eth'cl o[ angle of attack on 1)ressm'es sensed hy

the I)rohe, is shown in figure IS(a). The (h)wn-

stream l)orlion of the l)rohe was constructed o[
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TAIII.E I. I)I,]SI(;N OI{I)INATI,:S V()R N()SES ()F

I)R()Bh:S 1 "I'() 7

lh'obes l and '2

.e' in. I t/', im

I
0 I)

(123 ()10 1

(13-1 11134
(156 I) 1{33
I 13 (}?,25
'2'25 ()5-12
338 I1726
45O t)XX7

675 1166
90(i 1390

1. 12,5 171.19

1. 350 l (h_-I
1. 575 177O
2. 035 1865
'2. 25O 1g75

liroh(, 3

.r', ill. .q', ill.

0 I)
(123 01(1-1
031 0 I:H
05(; ()1!13
113 ()325
"2'2;5 ( )5 4 9
;}3g O726
15() I)g87
675 1166
900 12,9(1

1. 125 15,19
1. 351) lli_ I
1. 57.) 1770
'2. 025 1_65
'2. 25(1 I $75
"2, 475 1S5N
"2. 73S 1<"410
"2. 9'25 t 7"2!)
3. 15() 1603
3. 375 I I(I,_
3. 51() 1250

l)rol)(,,_ 4 and 5

x', ill. i g', ill. li
. _ I !

i
0 ()

• Ol 1 (IlIH
017 (i 13-1
()2,g (1192
056 ()325
11'2 (15-12
2"25 ()FIN6
-150 1391

(i75 1(i_3 !
!illll 182_
125 1875

I'rot)(. (i

a", In. : y, ill.

i

() () ;
• (Jill) 0277
• (Jill} 035_
• 15() 0513
• 300 0866
• (;o(I 1446
• 900 1935

1. 200 2367
1. N(}() 3110
2. 4(}li 3708

3. 000 4157
3. (;0(1 44!111
-I. 200 .17 I!)
I. _;110 -1,_75
5. -I00 I!)7()
6. ()()0 500()

I)i',>I)( ' 7

.r', ill. H', in.

i) 0. 1875
• (13() 1!)',i5
• 330 2367
• (.13() 31 lO

I. 530 37(18

2. 130 -I157
2. 730 -I 190
3. 330 171 !)

3. !);{() l -1875
4. 530 i ,1!171)
5. 13() _ 5000

1-in('h-(lianieh, r steel (ut)ing. Tll(, IlOS{, porlion of

llie l)rohe ulilize(I the StllllO shlipe l_s llilH 1.1s(,(i for

prolies 1 an(t '2: its design or{linilti,s 111'o given in

tatile 1 811(l ils coiislruction li,{'('llrll(,,v is indi('aled

in tigtn'e 12_. Pl'eSSili'e orifices lit [Otli' tixinl loca-

iiolis (')])ene(| inlo foul' i)i'essuPe-livei'liging i'lilinli)ol's

ic) L-58-1_d7

{(') l'rol}(, 3.

Pi(ivRn I 1. (!mi('hi(h'(l.

C

C

0

i I 0 Probe'l [ T T _ -
0 Probe 2 } identical design __£

J
I

-,LI I i

o

{ ) .I .2 ,5 .4 .§ ,6 ,7 .8

xlt

]q,;im,: 2. I)rol}( ' ('OllS(l'il(!|iOil ilitt{'('lli'_t('i('-: :l:_ in(iic'ili{,d

by (]it'rr(,nces t)(,lwi,(qi ni(.asiir(,d "uid d(,si_n radii of

I}l'Ol}i','- 1 l{)7.

froin w li('h l)ressur(, hu/(ls w(,r(, liroul__hl ou( its

shov,n i:i tig/ii'(, 15(t)).

Prot)(, 7, ('nll)loye(| for as('(,rtaiiiing tim (,if(,{.( of

ll liOS{, 1otlli-lires,_tH.(, opening Oll l)i'ot)(,-surfn(.{ , in-

{hl{'ed l: I'{"<':'SIII'{'S, is sh{iw]l ill figure 16. Th(, design

shlll)e of l)l'ot)(' 7 wlLs the sli.lllO its 1]11ll of l)rotie (3

(;xc('l}t .,liar the IlI)Slr(,lilil lip of t)rol)e 7 wiis {'lit

off for 7nstallation of it 0.375-in(.h-(lianl(qer lohli-

I)i'('SSlll ',' O]}('ning. The iixilIJ l()('llli()li of slnli{'-
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4 rings of 12 orifices [0.031-in. diam.),
circumferentiolly spaced 30 ° aport, open
to common pressure-averaging chamber;
circumferential locations of orifices inOisfribcded

roughness,, f;odjocent rings ore 15° aport
+ .. ,

_-- 1.85

Z/2=2.25 _L'_-- Circulo r
(ogive nose, cylinder

f= 12)
Probe IA

:3 rings of 12 orifices (O.051-in diam.)
circumferentolly spaced 30 °opod,

.open to common pressure-averaging
Disfributed_ . "+r,"chomber, circumferential locations of
roughne,_ , , orifices in adjacent rings ore 15° aport

......... 9 ....
.2ia-.i k, .': ' , _-
.3+k_ _/_ I .125

_----L85 - !
p"-Z/2= 2.25 _ Circular

(ogive nose, cylinder

to) f= 12)
Probe I B

Distributed roughness
:125

++i+G_% :
- I. 85 57.5o ,,.._ I _," _/2 = 2.25 -

Crossflow

to)

. Distributed roughness
.125

._.10 "-_'-.93
r,- -Z/2 =1.125 _ 57.5°. _''_ """

Crossflow
(b]

(:t) l)roh( ' IC with two ot'ifi('('s ((}.03l-iiL dinm.) cir('um-

fcr(,ntially lo('at,,([ 37.5 ° froln stagnali<)n point of

erossflow.

(b) l>rob(, 5C with two orifices (O.031-in. dhun.) circum-

f('r['ntially hJ('ut[,d 37.5 ° from stn_;n,dion ])(tint of

('r()_s [low.

];[(;v_E 1.I. I)r()h_'s us[,(l for ('(rod)in|rig, .t(,rod>'tmmic

compc,sati(m for p(_sition error with a siml)h, m(*thod

foF _l('ro[].Vll:lllli(' i"(,(]tlctiotl of _tnti(,-[)r(,ssur(, error (]u_ _

to aug[(' *)f nttnuk. All dim(,nsions .u'(' in im,ht,s unh,ss

at herwis(' Sl)t'cifi('d.

(b] L-58- 3991

(a) [)l'taiIs and <[hmm,,,imls of proIH,.-, 1A al_d 11{.

(h) lh'ob_' IA.

F]<;v]{].: 13. Small-:|z( = l)r[)|)['s for st,rising: :q)l)r(,×im;dc

fr(,(,-str(,am sial|(' pr'(,ssur(, :it slq)ers(mi(' si)_,('(ls :ut(]

tt(H'()([VII;IIIIJCtIIIv (q)l|ll)('lIs_Iting for position ,,rror at

_ll}):_oIli(' ;tilt| ll('_tl'-S()lli(t _])('('(|S.

1)r('ssur(' orifi(.es on l)robr 7, r(,lativ(, to lh(, origimd

nose, we_s t]t(, sam(, as that for oriii(',, h)('ation 2

on I)robc 6.

A <.ylit|dri('e.l tub(' (not shown)of l-inch diam-

eter was us('(I for ]m,asuring the ¢'[|'('('ts of angle of

atta('k on l)]'essures s('ns('d })y orili('('s ('ir('umfcr-

(,hi|ally h)cat(,d 30 °, 33 °, 36 °, 37.5 °, e,ml 40 ° from
the bottom of th(, tub('. Th(, diam(,trr o[ tho

orili('cs in tit(, tub(' w=_s 0.031 inch.

TESTS AND DATA

TESTS

Some o1' the I)r(,set|tly ]'(,port(,(l tests were

('ondu('t('d in lltr I,angl( T _-h)ot transoni(' l)ressur(,

+ _Orifices (0.0:51 diam.; 12 in
each ring) of four oxioI
locations

100

Circular

i cylinder

Distributed

roughness .

I-" 2 5 " 4

• _'_ 2.60 "
4.95 ,_

Nose, _t2 =600 - 30°

i _0.0012.50

{o)

Pressure orifices at Probe surface
different axial locations .Pressure tubing,

4 P4
/P5

i ° : : -t P3

Neoprene "O" rings Rod for spacing A
and securing

?0" ring plugs "0" ring plugs

Section A-A
(b)

(a) ])robe tl.

(|)) ]_llu:.,lrntion of "( )" ring technique used for u(msl rut'tinK

l)r(,ssltrr-:p,'[,r.t_in_ chumh(,rs at diff('r,'md axi_d h)(':dions

of orifi('rs for l)ro|)(' 6.

FIg:VIlE ] 5. l,ar_i'-sizr |)FOI)l! HII(I [II|)US tlt'_P(| for Ill('tiSlll'illg,

the (ffl'(,ct of at_Kl('s ,)f attack on ])r,,ssurrs s(qis,,(] |)y

orifi('(,s at four a×ial locations. All dim(,nsi<ms arc in

iti('h('_ ilnh'N_ ()t I:crwiN(' s|)ecifi('(].



]2 TECHNICALREPOYLTE I_ NATIONALAERONA_YI']CSANI)SPACEAI)M1NISTRATI()N

P2 orifices (O.031-in dJom)

orcumferentloliy spoced 30 ° oporl
ond open to common pressure-

.375 overogmg chomber
a* Dislributed roughness Pt Pt d : IO0

-\

I0 P P 162 _ '-094 " 4.08 .30 °
" Nose, Z/2 : 5 13 Circular cylinder

Ftl;IRE 16. l,arge-size l)rohe 7 used fin" deft,training lht,

rffe("t of a tut'd-pressure opening on shttic pr(,ssures at

orifi(,(,s locntl,(l 4.0,_ diameters from lhe ntis('. All

(limensiun:_ art, in im'ht,s u.l(,s,_ at h(,rvci._e indicated.

lmmel aud others were performed in the Imngh,y

S-foot tnmsoni(' tunnel. The testing (.Imr_wl(,r-

isti(.s of th(,s(, tmm(,ls were _tl)proxim:d('ly the

sam(, nml .o _Jt)l)t'(,<,i_tl)l(, diff(,ren('es in test results

al)l)e_m,d likely. The t)ri.(,ipnl tuenm.'(,tm,nls

ol)laim,d during 11.. l)r(,s(,ntly r(,l)Ort(,d l('sts
i.('h.h'd .ver:_ge slut;<' pressures i. the tm..,ls

n.d aventge ])r(,ssures sensed by the investigat('(l
slnli('-pr(,ssure probes. These lll(,llSllr(,lll(,ll|S wor(,

gem,rally ol)lnim,d I)y visunlly r(m(li.g or I)y

I)hotogr_phi('nlly re<'or_ling the h(,ighls of t(,tr.-

1)r(,..)t,tlmne i. muhipl(,-lul)(, mnnomet(,rs ('on-
nt,('ted to th(, pressure ori[irt,s or <'h.ml)(,rs

('onrt'rm'd. Tunn(,1 sl_lgmtiion I)rt,ssur(,s vet,re
n('rur_il(,ly Im'asm'ed by II1('_11|S ()t' ttll M)sohlt(,-

I)r("ssure m_uom(,t(,r. S(.hlier(,. i)i(.tm.(,s were
.Id_tit.,<l when I)ussilde to supph'm('nl the I)ressm'e
I IIOIlSI. II'('I II (q I | S,

The If'sis utiliz(,d Ilow ('alit)r_Jtions simihu' t()

thus(, des('rilwd in referent't, 12 whi('h used +_s_t
trusts of r('r(,r(,n('(, the nttio of the slr('nl. I.tal

prrssun, to the l)rpssur( , in th(' hmk surrou.ding
tht' shHt(,(l l(,st se('lion. The ('.lil)rati(ms were l'or

the l)tlrti(,u]m' rpgi()ns nt whirh the l)rt,ssure-s(,nsing

m'ifi('es on the l)rol_(,s were ]o('_tled l'or t(,sling.
The u.gh,s or ;ttla(,l.: of llw models _m(I I)rol)es

were vnried h.v _.,..s of ih(, nm'cab]e ('ir('uhu'-.r('
SUl)l)Orl struts. The renters o[' rol4tion of tlw
('il'('ll]_ll'-al'(" StI'tI|S 'Wlq'(' [O('lllt'<l SOlll('whltt (]o'¢,ll-

stre:un of the t)rob(, l)r(,ssur(, orifi(.t,s (fig. 9, so

th.t tt.,re were s_..ll disl)l.('(,t.e.ls or th(,
l)ressm'e-se.sing or;fires from the turn.,] center

li.es _t htrge _mgh,s of _tlttt('l,;..

The l'(,]_llivt, humidity in th(' Imngh,y S-foot

tn_.soui<' ttmm,l xx-_s ge.t'rully ('ontrolh,d I)y
h(,nling to avoid suturntion ('on(lit;arts i. tht, test

set'lion for hath flow ('alit>r+_tion nml l)rob(' tests.

Ill th(' I,nngh,y S-foot trmtsoni(, i)r(,ssurt , ltmn(,l

_lryiug w,s eml)loye(I, _ts pr(,vi<,ttsly .(,ted, 1()

minilnize humidity (,[re(,ts.

The t'fl'(,<'liv<,twss o1' (listrit)t_l<,d rot_ghnt,ss
e]nl)loy+'d I'or fixing transition (lurit_g the l)resent

tests w:ts not t'xperintet_ttd]y ('he('l_(,d.
The test <'ontlitio.s it.'htdt,d _ln<'h ttutttbt,rs

l'roln ttl_ottt 0.4 to 1.2, _tttg'lt's o1' attack front 0 ° to

_o, an,I l{(,ynolds nttntb(,rs from 2.:_,XI(P to

4.2_I1(P per fool. A ('ompurison of win(l-lurer(,[

'm<l flight l{t'yt.)hls nttml)t,rs is shown in [igttr(, 17.

DATA REDIICT1ON

Free-qrt, ant Mtt('h ntmtl)(,rs wt,rt, obtni.(,d l'rotn

approl)riat(' test-region ;low rtdil)t'at ions for rat ;us

of measured stagnation l)ressttres to tneasm'e(l

t)r('ssur.,s in tit(, tank surrottntling the sit)It(,<] lest

8×1C 6

--- 8-foot transonic tunnel; p._ : I atmosphere

--- -- O-foot transonic pressure tunnel; Pt : I atmosphere

Flight; standard atmospheric conditions

..... Pressure alhtude, f_,, fl

7 ......... ,, 0 (sea level)
/

........ ?/ ....

/

/

...... //, .....

/

§ ¢ . . .

' .20.000
..... / ..... t"

_u 4 ...... "./ + . "-_Jf----]

¢l(_ F3F_F5

/

.... _ _ _ _ _ .... _ _ _60,000

_o

2x_0,, . r ' "
I

_ .I

t!o
0 2 4 6 8 LO _2 t4

Mm

(a) l{Lvtmlits numb,,r pl,r foot.

_1)) lluy_uhts ntunbpr based on lin(,ar dim(,nsion eilu:tt to

l)rob(, llimtwter ()f <1.07,1 foot and wintl-tttnnul lust

curt(lit ions.

I+'I<;IICE 17. l't(,ynold+_ tmtnh(,rs for trat_,'<imic-wit_il-tum..]

tests It+ atnmsl)heric st;tgtl+ttiOll l)r(,ssure tt.d for fliKlt_

;It st at+ hu'd at mi>sl)h('ric ('(>nditto.:.
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s(,('tiO]l. Fri,t,-slroltlll slati(' l)l'(,SStll'(,s w(,r(, ol)-

Iained frmn Ill(, free-streanl .X.la('h ilunlt)ers amt

tilt' slagnation pressure I)v use of isenlrol)ic-flow
i.al)l(,s.

The pro[)e-h,sI results w(,re generally l)resenle([

in terms of the shllic-l)ressur(,-error plu'ameh,r

P--P_, whic]t couhl be readily imerl/rcled in terms

of al(ilu(lc error (as previously illuslra(ed in fig. 2)

or in terms of (,rrors in oth(,r air-(Inla parameI(,rs.

Th(' [)ositiOll-('l'rol' Ille)tSlll'eIllel]ts W('l't' ox])r(,ss(,(|

in terms of a I)aVameh'r (I'll) _ P--P_, which was a

modification of lhe parameters used in references 1

all([ 9. l(eferen('c 24 pres(,nts siml)le e(lualions fl)r

relaling the v_n'ious air-(lala l)tmun('ters.

No corrections for boundary interfi,rence have
I)('en al)l)lied to data from tit(, l)rese)_t iuvestiga-
(ion. IIltel'ference eft'cots are I)elieved Io I',e

negligil)h, aI sut)soni(' SliCe(Is |)st tq)l)rc('ialde )).t

h)w SUl)ersonic sp(,e(ls where (tislurl)ances fr()m

the lest-section t)o(mdary may itdtuent'e lhe flows

at and upstrenm of the regions o('('upi(,d I)v the

pressure-sensing orifi('es on ihe prol)es (refs. 12

and 25). The supersonic st)ted hinges wilhin

which t)oun(hu'y-refle('led (lislurl)an('cs may in-

fluence the I)rol)e 1)ressurcs )ir(, indicated in [he

dala I)lots.

PRECISION

At subsonic and sonic spe('ds till'maximum

l'llIldOlll ('ITOI' ill measuring the different'(, t)elween

Ill(' loc_d or prol)e-ill(licate(I Slalli(' [)I'('SSHI'(' p lll|t|

ill(' lmmel rt, fcrelwe pressure pvc by use of a liquid
mmmm(,t(,r was eslimalel[ lo b(, less than 1.5

l)Oml([s per square foot, and the asSUml)lioll of an

ctllml maximum error associlm'd wit h the accuracy

and repeatability of lmmel flow

a I)ossil)le maximum error of

t)oumls l)ev square fool. This

(.alibvat foils yiehls

al)l)V()ximalelv 3
('ond)ine<l on'or is

e<luivah, n/ Io values of _.X.I[h,ss than 0.0(]3 _md h)

values of P--Pt flinging from 0.()01i; al 3I.o- 0.4
P+

1o 0.0027 al :ll_ -- 1.0.

At supersonic speeds ill(' maximum random

error in determining Ap ([ha! is, p--p._) largely

depends upon lest-region [h)w nonmlifonnilics

whi('h vary with .\lath mmd)t,r. A1 some super-

sonic spee(ls outside Ill('region of I)ossil)h' influence

of I)oundary-re[h,cted (lislm'l)an<'(,s (>n ill'Oil(, data,

Ihe maximmn a})solu/e error m'_v lie about the

St|Ill(' )/,S t ]1)11 1/1 Stll)SOtli(' S])O('tlS, W[ler('Hs lit,

olhers it may he sldIi('ienl 1o I)t'o(ltwe v_dues of

_X31 greaI(,v than 0.004 and values (if ]J--P_ near
/)) c_i

0.005.

"I'he maximum error in (h,termining lhl, attitude

of a model or l)z'ot)e with resl)e('t It> lhe average
direction of the aivslream w,ls estimated lo lie
about 0.2 ° .

RESULTS AND DISCUSSION

POSITION-ERROR MEASURE MENTS

The results of the prcscnt I)osilion-('rror-meas-

urenwnl it,sis, whi<.]) were con(lu('ted 1o SUl)l)le-
merit existing i)ositio]l-error il_f()rmation ill ref-

eren<'es 1 alld 9, are given iu tlgure 4. These

tiara )_r(, l)resenlc(I in lhe form of curves showing

lilt, variation of the error I)arameler (1/I))'-' "f!--P_
]+_

with dis(ante x/I al Nhwh mambers frl)m 0.40 to

1.02. Tilt, prcsenl lesl (lala, which include ])osi-
ti(>n-eITor measm'ements aheml of (he till'('(' bodies

of figure I0 are in relatively ch)se IIgl'('('IIltqll wilh
one _mother au(I with data from refer(,n('es I )rod

9. This (lala ('orr(,lation affords evi(ien('(, con-

<'erning ihe sa(isfa('h>rv _Igreemeul of flight and

wi).l-tunnel data and the general _.h'(lUal'.v of the

eml)loy(,(] (,rror |)ararat,let f()r r(,|aling ])osilion-

error tiara for (lill'erent aerodynamic configura-

lions. The faired curves show))in figure 4 al)l)ear

g(,m, ndly suital)h, for estimating |hi' position
error a hi,all of arbitrary configurations, although

iiwse curves may lie imuh,qtml(' f()r ac('uralety

predicting the error at axial lo('alions very near

('ontlgurations lmving 1)lufl' II(>s(,s or hi)full(

should(,rs n(,_u' Ihe nose. The (hltn of figure 4 a/so

indi('ate that the magnitude of the l)osition err<It
aheml of a sh,n(h,v-nos(, ('o)_figurati(>n is somewlm(

snndlcr )It a S ° (hart il is al o<-() °, )is (,Xl)e('t(,(l.

AERODYNAMIC COMPENSATON FOR POSITION ERROR

Experimental verification of error-compensation
method. The resul[s of wind-tmmel tests ('()n-

(lut'ted t(> investigate the evror-('onu)cnse.lion [)er-
['ornmn('eofl)rol)es 1, 3 )'nil 4 (fig. 11 )_)) at thr(,e
seh'('ted locations )till,|Ill of the sh,n(h,v-l_os(, )tir-

cnff( model (fig. l()(a)) )u'(' show)l ill tiguve lS.

These l'esulls were o])I)line(] frt)rn singl('-)_tleml)t

t(,sls bns('d on estimates (using (i)_(n from figs. 4

)_)1(1 5) designed lo yichl tit(, smallesl m_lximum
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static-pressure em'or for .x,iach numt)ers Ul) to

about 1.02. 'rh, data of tlgur(, IS(at show tile

ade(tuacy of t)robe 1 for aero(lymunically ('om-

1)ensating lhe position error at a lo(.alion 0.87

fusehtgc diameter ahead of the model nose for
Nlach numbers I'ronl 0.4 lo slightly above 1.0. The

resultant static-l)rcssure error with c()ml)cnsation

is show]l to I)e less than 0.5 percent ut) to a Nlach

number slightly greater than 1.1). The data of

tlgure iS(b) illustrale the suitability or t)robc ;/for

aerodynandcally ('Oml)ensating the position error

at a location 0.7!) fuselage diameter ahead (if the
mo(M nose for Ma('h numbe,'s up to 1.0. The

resultant slali(,-|)ressur(, (,rr(ir with conq)(,ns_ttion

is less than 0.5 percent. Similar data, for l)r,)be 4

are shaven in [igure lS(c). In this case the very

large posilion error lit a h>calion 0.27 fuselage

diameter ahead of the model nose is COml)ensated

within 0.5 l)er('ent of the slalic pressure a( Math

numbers ul) Io m,arly I 0. In each of the lhrec

instances shown in figure I,% the indi('ale(l (lifter-
ences between ('stinntle(] and measure(] errors with

COml)(,nsation arc sufficiently small ((I l)e within
maximum l)(>ssil)h' imwcuraci('s asso('iat(,d with the

tec]mi(lues eml)loye(| rot error estimates and
lll(qlS1] ]'e ]] ]i'll | S.

The test+ results sh<)vcu in ligure IS (.()nstitutc an

exl)erim('ntal v(,rilication of the metho(l used herein

) __._ D : 3.15in,
-x: 0.87D-

L-

0 Measured error wilhout compensotion

I;3 Measured error with compensation

------ F_sfimoled error with compensation

.06 1 1 " " I : r 7 l : T q r ; T ]

: i : i i i +-
o4....

........ ' I . _ ._

" ' '$¢ce region ol possible influence at t T " T --

-.02 " " boundary-reflected dlslurbonces t" ! ....

i on probe data " _ ' _ " 1-.04 (o) _ . . _ _ _ . !
.3 4 .S ' 6 7 o .9 _.o ,.i _.2

(:t) l)roh( ' I wiih orifices tat'all'it ().S7 flls('i:.tg(' (tic, meter

ahead ()f mo(t('t.

FI(;uRI.: IS. l']xperim(,lltal vurificali(m of m('thod em-

l)l(,.v('([ f()r :l(,ro(lynamic compensation for posilion error

a,'.< l)r,)vi(h'(i hy ((,sis of small-size l)roh(,s ahead of sh,n(h,r-

nose :drcraft )n(>(](,l in the Lan_h,y 8-tout h':tnsonic

Itlnt_('ls. '_--0°: pt I atinosphere.

P -Pc:c)

P_

-- -- _ O : 3,15in.

;,__ i
L

x =0.79 D

O Measured error without compensation

[] Measured error with compensation

..... Estimated error with compensation

[[ii[ r']

i ,ii,!
[ +" i_ region of possible 4;Fk

[ influence of boundary- ! ' _ i! ] reflected disturbance§.[ t , i

: on probe data -- i
! _ 1 !o [

' ]]]ii[
.5 .6 .7 .8 .9 1.0 i.i 12

Mm

_ D : 3.15 in.
.27D , _

o Measured error without compensation

[3 Measured error with compensation

..... Eshmofed error with cornpensofion

.C3 ...............

• 0 _

9

.....

Mm

)

-.0 _ !(c)-
5 .4 .5

(l)) Prc'>(' 3 with orific(,s locatvd 0.7!) fus(,lau(, diamptcr

ah('ad of nlo(l(,l.

(el Pro )e 4 with orifices loca(ed 0.27 fus('h_(' (li:nn(,i(,r

ahead of mo<h'l.

FI(_I'RE 18. (_unch_d('(l.

for aeto(lynandc co]np(,]_satmn for pt)silion error
at subsonic and near-sonic st)('t'ds. The results

also in lit'ale that position errors a( various loca-
tions f "am 0.27 to 0.S7 fuselage (liam,,l(,r ah('a(I of

a slen,h,r-nose (.onliguration can })e a(,ro(ly]mm-

i(.alIy 'ompensat(,d l)y use of appropriate probe

shapes Io yield free-stream stall(' l)r(,ssure with

r(,sultant error of less than 0.5 ])('r('('nl, whi('h is

equivlt_en( to an allitu(I(, error of ab()u(1()() feet,
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D = 3J5 in.

b 'H L
0 Measured error without compensation

[3 Me0sured error with compensation

..... Estimated error with compens0tion

For a lo('ation 1.19 I'lis('h',g(' (li_zm('l('rs :llhegt(l of

tit(, model hu'g(' l)r('ssur(,-sensing errors o('('ur in

tit(, (lit'(,('| ion of over('Omllensattion.

Influence of probe-geometry modifications.
Gradual enlargenwnl of tlt(, dowIlslr('tlllll portion

of a nose-I)oom pressure instMhttion is sometimes
(lesiral)le for stru('tIu'nl ('<msideralions and for

lo('aling ]lressttr(,lll'il, ns(ht['hlg e(tUilmwnl n(,e4' the

])I'('SSllrt'-SPIISill K or|lit'as. St]('h an etihtrgeln(,nl of

the downulrenm portion of l)r()t)(' 1 is shown (fig.
2l) to have negligi|)ly small inlIuen('(, ()n lit(, error-

('onfll(,ns_tion I)erforman('( , of the probe.

A nOSelShal)e mad|lit'at|on due to th(' installa-

lion of a h)tallt)r('ssul'e Ol)('ning :_I tlt(' tq)str(,am

end of lil(']'odyltalnii('li'Olttpeltst/tiolI I)r<)ln ' 7 dig. 16)
w_ts shown to 1)rodu('(' small pr(,ssure-st,nsing

('hang(,s (fig. 22(a)) nolwithslanding severe tlow
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-'==-- I

t.19D ,,

Probe I without fairing

EH_pse wlth sermmajor o_is parallel

to probe axis

D: 3•15 in.

J

Semlmmor OXi5 /__I

__ D:315 in

-.56D- ..320
.

Probe I wlth enl0rgemenl fairing at downstre0m end

.02

' i

°_S s, ._ 6 ._ .a .9 ,0 ,L
Mm

lqc_vlu.: :21. ]liuslrnli_m of nc_iigil)ly smal] ildlumme of

_radually md:u'Mn_ lhe downstream porliun of t]u, m)sc

]'lilt)Ill O|1 |tIC t)(q'[O]'lll_ll|('(' ()[" _[II _Ll'ro(|yIl_tllliC-('Olll|)('ll-

saliml l)r(4w ahead (_f the sh nd(,r-ncs(, air('rafl ('onfi_au-

l':lii()ll. (_ [)o: ])t =:: J _|tlliOta[ )lllq'C"

I00 in.

Mm, Pm _ i .t_

I

- 4.95 in "I " '_"t.05 •4575 m.
- 6,00 in _ in.

(nose, /:121

0 Probe 6 with pointed nose

'_" .375 in

094 in p 1.00 in.

"\ " _ _, __i

' ' ' I
_' 4.08 in. "4 - _' .62 in

• " 5,13 in ._ 1.05 in.

(nose, f: 12)

[] Probe 7 with tolal-pressure openmg m nose

w,m ,am/- - ( P-Pm__/-_? : (_) ,P_olwtthouttotol-

_ressuce open#'_ prg$sure Opening

- f f f f f i f t , .

\Pm J M_o reg,on of possible influence of boundory- I

02 reflected disturbances on probe dato-. 4.I'- [ i(o)j
.5 .4 .5 .6 .7 .8 .9 1.0 l.l 1.2

%,

(a) l)ilt'_,r,,n(.(,s t):,tw(,m_ slatic l)ressurus sens('d hy l)rol)(, 7

and orifices a( h)e:Uion 2 on protw 6.

]*'t_;_]{_,: 22. IHustratit)n of the influence of a total-

])F('SSlII't' O])Pllill_ 011 the pl'l'forlll:ilW(' of un _ttTOdVllallli('-

('onq)en,,.ation l)rohm oe ()o: /;t:: J HtlllOSph(q'l'.

disturhan('(,s ahead of the static-pressure oriJi('('s

(fig. 220))).

Error-c0mpensation difficulties arising from

model bluffness and associated pressure gradi-

ent. -The ('rror-r(,du('tion t)erl'orman('es of l)rohes

4 and 5(t h,sted ah('a(l of lhe bluff-host' hody (fig.

10(t)))arcshown in figure23(a). At alo('ation on

the 1,(,dy ('(,nler lin,, _d,oul ().f13 body diamelcr

ahead of the body nose, the estimated r(,(lu('lion in
error i>y means ()f ('oml)ensatio]_ was not fully

realizu t by us(, of probe 4 (fig. 23(a)). The ,'e_so,_

for th_s pcrformanve al)p('a.r('d to 1)e _,sso(.iated

with he posit|v(, pressure gradient whi('h was

sulli('i_'ntty severe to I)romot(' th)w s(,parntion dig.

23(b)) and to l)r('vtmt the atl;finment of (h'sired

prohe-induc(,d pr(,ssures.

In an alt(,ml)t to avoid some of the ditti('ulty

(,xt)eri ,n('(,d iu acro(lynami('ally COml)(,nsa!ing for

positi(,n (','for fo,' the t)lu[f-nos(, hody, l)rot>e 5(;

was h,sted off the body ('enter line as shown in

tigure 23(a). For this le:.;t lhe prol)(, was prol)erly

ori(,nt,.d 1o aw)id likely (,[]'(,('ls of ul)llow. Th(, h'st

results, ])resented in [igur(, 23(a), in(li('alvd lhat

lhe a(,rodynami(' ('omI)(,nsation of l)rOl)(' 5(' a.t a
lo('ati(m 0..q3 body (liam(,tm' ahead o1' the bluff-

body nose and off" the hody axis was ('sscntially the

sam(' _,s tim! of ln'ol)e 4 h'sl('d ()n th(' hody ('('nh'r

line. With this same ol|'-('ente]'arrang(,m(,nl e, 49-

l)('z'('('nt extension of ll_(, I)ressm'e-sm_s()r location

froln _1.93 to 1.39 hody (liam(,tc, rs ahe.d of the

t)ody al)t)roximal('ly equivalent to the h,nglh of

the Sel)arat('d-ltow region shown in tigur(' 23(b))

W[/S ll('('('SS_lFy ill OI'(]('l' |O ('OlllpPllSlll.o a(,r()dynami-

('ally f-)r th(, staliv-l)r('ssu]'e (','|'or with an a('('u,'a('y
of 0.5 l)er('ezlt at Ma(.h numb(,rs up t(t nearly 1.0.

Figurr 23(a) also in('ludes data whi('h sh()w that,

for n 51a('hnumt)(,r of about 0.9, tim at,rodym,.mi('-

COlllp(' Is_LliOll ])(q'rOl'lllHll{'(' (t[' ])FO])(' ,_(_ \VI',S ('st,.;(,ll-

tially h(' snn|e for _tngl(,s of attack of ()o and 4 °.

A slig Hly dilt'ez'enl indic"H(,d I)rob(' 1)erfornum('(,
for o_:----4 ° was associated with the improper

orit,nl_lion ,>t' ])rohe orifi(',,s fo,' lhis attilud,,.

Th(, ,'esulls or if,sling pJ.ol)(, 5 wilh pressure

orifi('et ]o('aled 0.75 t)o(ly (tiam('ler ahead of the

interm:,di_tt(,-m,se t)ody of figure 10(('), such es

might I)(' ('ml)loyed flu' a sut)soni(' t,'anSl)oz't con-

liguratMn, are shown in figure 24. These I('sl

resuhs indicalv lhal probe 5 advquah,ly vom-
l)ensat.'d the position error with a resullanl slati('-

l),'essu'(' error of h'ss than ().5 t)er('mH at M_l('h

nuxnt)( rs from 0.4 to 0.(,)2 for angles of atta('k of (P

and (ic. Th(, eXl)Crim('ntally (h,t(,rmin(,d suitat)h,

h)t'atio:_ for l)rOb(' 5 was about 3(i l)('r('ent farther

tll)slr(,;tl]l ['ronl lhe holly nose than that eslimal(,d.

This (:itt'(,r(,nve in eslimah,d and (,Xl)e,'im(,ntally

detm'n,im, d p,'oh,, locations for a('('urat(' t)('rform-

am'e ;vas again nl)l)roximalely equal lo the
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Mco: 0.803 Mco: 0.906

M_: 0.958 Moo: 0.985

(b) L-59-231

Moo: I. 004 M_: I. 043
(I)_ S('hli.r('n i)i('tur(,,s of flow field :d)out pr(d)(, 7.

Flq IrRI.: 22.--()onclu(h,d.

length of the region of s('l)_u'al('d th)w observed
ahead of Ill(' nose.

The o('eurr(,n('e of S(,l)arate(I flow ah(,_,l of

models, previously holed for the 1)luff-nos(, _,,(1
interm(,(liat(,-nose t)o(li(,s, was not ot)served for

the slender-nose configuratioa. For the slender-

nose ('onfigur_tion, estimaled and measure(| 1)rol)e

performan('es were in ('los(, agreement (fig. 181).
A ('orr(,bttion of obs(,rv(,(l (liffer(,n('es 1)etween

(,stima(ed all(I ln(,asllr(,(l [)el'f()rm_tn('(,s of a(,ro-

(lynamic-compensntion 1)rot)es ahead of slender-
nose, interm(,diate-nos(,, _md 1)luff-nose bodies

in(li('ate(l that probe-sensed pressures were larger
tlmn estim_tt,d l)r(,sstwt,s t)y amounts which con-

sistently varied with model I)luffm,ss aml ass<wi-

ated severity of flow gr_,li(,nt. Whereas su('h

differences might 1)e ne/ligibly small for appli-

('alions involving slem|(,r-nos(, ,ir(,raft or model
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o M r  ,eegeYo Y2'+2" ,''i&en otio;L
[] Meosured error with cornpensotion; probe 4; a:O °
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(a) l'oMlion error without and with coml)m_s;tii.n.

1"l¢;{ RI': "...);_. [']Xp('rilll('lltal ('[l{,('k of positioll error afforded

by probes ah,,ttii of bluff-nose body or revolution.

pt I atmosphere.

configurations, they couh] be large for eases in-

volving bluff-nose itt.I itHcrtnediate-nose tort-

figurations for which the extellt o]' the separated

flmv region i.tlst t)e eOl_sidel'ed.

AERODYNAMIC REi)UCTION OF COMBINED ERRORS DUE TO

POSITION AND BOW-WAVE PASSAGE

This investigated method I'or directly sensing

free-streanl pt'essllre at low sup(,rsonic s|)eeds Iii1(1

Itt,l'Odyll/tllli('anv ('Oltll)ellsalillg for position PIT()I'

at subsonic speeds inv_)lved the use of probe

(h,signs IA and IB (fig. 13). Tests of these I)rol)es

nl a h)calion ].l. () body diamelers aheml of lhe
slender-nose body of figure l()(a) yMded the

results shown in figure 25. l"ressm'es slightly

larger than free-stream vahles were in(lieated by

prol)e l A nt low supersonic speeds. Pressures

larger than free stream indiented I)y l)rol)e IA
wen, reduced to wdues somewhat h)wer than free-

stream pressures by closing the upstream ring of

orifices as shown by the data applying to probe 1B

in figure 25. These results demonstrated the

feasibility of designing a single system of probe

oritiees for ae(.urate]y sensing free-stream static

pr('SSHle t|l ]O1-V s||[)e|'SOllJ(" speeds llTld t|('i'o({yllltlll-

i('ally (Oml)i,nsaling for l)osilion error at sul)soni(.

aml l,,ar-solfie spee(/s. Wit//this orifice system lhe
static-pressure error is again h,ss than 0.5 per<'ent

at subsol)ie speeds attd at supersoni<, spee<ls up
to 31:_l.15. Slightly larger error occurs at
31_1.15. Furlher redm'tiol) of Ibe el'l'or at

supers(sic speeds al)l)i,ared t)ossible t)y ad(litiomd

refinement of design, but lifts was considered
unm'('essary for the I)resenl lesls of small-size

probes

lh'ol,es such as 1A and IB (designed for use at

both subsonic and low SUl)ersonie speeds) generally

yMd smaller induced pressures, and thus require

longer nose booms, than do probes such as l to 5
(desigr,.ed for use only at sut)sonie and ne'u'-s<)nic

speedsl. Also, a[ SUl)ersonic speeds the near-free-
stream pressures indicated by probes similar to I A

and 1B generally become more positive with

increase in Maeh num|)er. Iml)rovements in

1)robe performances at SUl)ersonic speeds may be

afforded by design refiiwments.

AER(IDVNAMIC REDUCTION OF COMBINED ERRORS DUE TO

POSITION AND ATTITUDE

Effect of probe inclination on sensed pres-
sures. -The effect of I)robe in<'lination on average

I)ressu es sensed I)y an isolated 1)robe with oriilces
(tistribm, d around its entire circumference is

ilhlstn[ted by experimental data in figure 26.
These data were obtained fi'om calibration it,sis

of prole 6 (fig. 15(a)) supp<)rted in the wind-t ilnnel
test se,'tion as shown in figure 9(hi. The data

of figure 2(5 showed that inclination of the I)rObe
with r,,spect to the all'stream dire('tion pro(luted

probe-indicated pressures whi(.l_ were gem'rally

lower than t)ressures for zero inclinalion. The

magni u(le of this effect, exl)ressed in let'ms of

error n sensing free-stream static pressure, in-

el'easel[ wilh im're,_se of Nlaeh number and prol)e

inelin_ltion. This informalion in(ticaled thai fairly

large ]wot>e inclinations may he loh, rah,d at h)w
subsorie sl)eeds, whereas only small deviations

from z:'t'(> inclination are permissibh, at near-sonic

speeds if the static-prcssvre t,rror is to be kel)l

within 0.5 percent for a t)rol)t' with orifices dis-
tril)uted around its entire ch'cumferenee.

The effect of a probe angle of alia(q,: of 12 ° on

t)ressures sensed by orifices circumferentially

located 30 °, 33 ° , 36 ° , 37.5 °, and 40 ° from the
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Moo: 0.80 /Woo: 0.90

Moo: 0.95 /Woo:0.975

(b) L-59-252

/woo: I.O0 M_: 1.01
(I)) Svhlior(,n l)iulurv_ _howing s('t)ar:l'(('d flow in t)oundary layer of t)rot), 4 ah(':t(| of,

and on axial ('enter line (if, bhLff-nos_' body of revohF_ion, a 0 °.

FI_; I;t{I,: 23.--Con('hld('d.

bottom of _ (,ylin(tri_'al tube is illustrat(,d t)y

experimental data in tlgure 27. The (htta of figure

27 also include pressures sensed t)y orifi(,('s ('ir-

cumferentially Sl)_wed 30 ° atmrt around probe Ii

at ]o(,afion 4 (figs. 15(a) and 261). The results
indicated that orifice locations _l)out 37.5 ° from

the sta_mtion 1)oint of the crossilow _round a

('ylin(h'i('al tut)e wet(' satisl'_wlory for sensing

approximate froe-st rea.m st ati(' 1)t'essuros at Mach
numbers fl'om 0.4 to 1.2 for _ulgl(,s of a ttnck as

l_rge as 12 ° . The ad(,qua('y of the 37.5 ° orifice
location for providing t're(,-stre_/m pressures at

high('r supersonic sp(,(,ds is in(|ie_H('d by data in
references 20 and 21.

Effect of body angle of attack on position
error. No deiailed measurement of position-error

wu'iatlon with hody angle of attack w_s in('luded



20 TECHNICAL REPORT R--18 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
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FI(;URI.: L)4. Experimental check of position-error con>

pcnsation affor(h,d by probe 5 installed ahead of inter-

mediate-nose body of r(,volution, l'ressure-s(,nsing

orifices located 0.75 dianwter .dwa(! of body nose.

Pt 1 atnlospllt, ro.

o=5.15 in.

_x =l.tgD4_
,

0 Error without compensation
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FI(;URE 25.--Exiwrimental t),,rfotmance of l)rob('s 1A and

1B tested ahead of the sh,nder-noso model, oe::0°;

pt-- 1 atmosl)here.

in the present investigation but some lilnited

information was obtained as a byproduct of other
related measurements. These included static-

pressure measurements showing the magnitude

of position error at a location 0.87 body diameter

ahead of the slender-nose model at angles of

attack of 0° and 8° (fig. 28). The measurements
indicated that the position error at a=8 ° was less

than that at a=0 °, which was in the proper

direction. Approximate compensation for posi-

tion-error variation with body angle of attack

may bc ('oral)|ned with the ('omI)ensation for error

due to probe inclination.

Aerodynamic reduction of static-pressure errors

due to position and angle of attack.--Probe 1C

(fig. 14) having the orifice location at 37.5 ° for

('ompensation for both position and angle-of-attack
error is seen from figure 28 to be effective in keep-

ing the resultant static-pressure errors, essentially

the same for a.ngh,s of attack of 0 ° and 8 ° , to

within 0.5 percent at. Math numbers up to about

1.0. Although this excellent error-reduction per-

formance is limited to inclinations in th(, angh,-

of-attm'k l)lane for the case of a tixcd probe (such

as the one tested), it may be realized for in(,lina-

lions ilt other l)hmes by designing the pressure-
sensing portion of the t)robe to rotate about the

probe .txis and automatically locate tim orifices

37.5 ° fi am the stagnation point of the crosstlow.

Anmher siml)le method of coral)thing compen-

sation for angle-of-atta(,k error with i)osition-

error ('ompcnsation yiehh, d the results shown in

figure 24. The investigated technique involved

the ('_lculated under(,oml)ensation of position
,,rror a: a--O ° in order to minimize errors due to

angle o f at tack for the case of a l)robe with orifi('cs
located around its entire eir(,umferen('e. The

measurements of tigure 24 were ol)tained by use

of l)rol,e 5 (fig. 1 l) at a h)(',Hion 0.75 body (liam-

et(,r auca(l of the intermediate-nose body at
angles of attack of 0 ° and 6 ° . The resultant

statie-tressure errors with ('ompensation were

slightl 3 I)ositivc at a_() ° whereas they were
slightl 3 negative at a=6 °, I)ut in no instance did

the or, or exceed 0.5 l)cr('ent at Mach numbers

up to 0.92 (fig. 24). Similar t)erfi)rmance is to

be ex 1) wted for inclimttion in planes other than

angle ,,fattack because of the _'los(, and sym-
metric=!l (listribution of orifices around the entire

('ir('mn:rerence of the probe. Because of its sim-

plicity and its independence of the plane of

i,wlimvion, this techniqu(, appears l)arti(.ularly
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CONCLUSIONS

Sew, ral methods fox" aerodynamic reduction of

errors in sensing static lwessures from aircraft at

subsonic, near-sonic, and h)w supersonic speeds
were investigated by testy in transonic wind tun-

nels. The resuhs warrant, ed the following con-

clusions, whMl are apl)licable for the emph)yed

ranges of test conditions:
1. Position-error nieasm'ements ahead of sev-

eral aerod.vnaniic configurations tested in wind

tunnels were in ('lose agreement with relaied

tlight daht and the eomt)ined infornmtion pro-

vided a suitabh_ means for estimating position

error ahead of aircraft, configurations.

2. A nwthod for aerodynantic compensation
for position error by means of probe-surface

imluced pressures was experimentally verified.

'Flit, method pernlitted llie direct indication ot

free-stream static pressure with an error of less

Ihan 0.5 lier('enl at subsonic and near-s(inic speeds.
3. The dire('t indi('ation of free-stream static

pressures provided 1)v ltero(|),nanli(' ('olnpensation
fl)I" 1)osilion error at sulisolfic and near-sonic

slleeds was extended to SUl)ersoni(' sl)eeds lly means

of an orifi('e arrangement based on a fundamental

difference I)etw(,en sul):onic and sutlersoni(' i)r(,s-
SlII'(' disl ritiulions.

4. The repeatallility of aerodynami('-eoml)ensa-

lion l)exforman(,e was demonstrated tiy the eh)se

ligreeintnt of test results for different probes of

the sanie design teste(l in (iifl't,rellt: wind tullnels.

5. Tile perfornlanee of tilt lu,rodynaini('-eonipen-

salion ])robe wits nol greally inthieneed t)y il

gradtitil enlargenlent of the downslreanl portion

of the probe (Jr liv in('orporation (if tl. totll|-pressure

o[)enilig in tile Ilose of the prol)e.

6. The I)el'fol'Illtlllee of aerodynllnli('-colllpellsli-

lion prtllies ahead of a sielider-llose nlodel was

apl)roxiinalely thlll esl inllil ed, whel'elis the

])erfornlanee ahead (if I)]ull'-nose and internlediale-

llOSe niodels was c()nlpli('aled by the sevel'(, tn'es -

sure grlJ, dients. Proper conipensalion for error
ahead of I)hlff-nose and il_lerin(,(liat(,-nose con-

figtil'llti(,lls clln t)(, t)t_lllined by nulldng allowances

fitr exisling flow condili()ns.
7. Th, nletho(I for aerodynllnlie ('onll)ensation

for posit ion eri'of it[ sul)sonh' lilid iit,iil'-S(tlli(" speeds

was sum essfullv conll)ine(I with in(,lhtid.,; for ll.Ol'()-

dynanli( red u('lion (if elT(irs (tile to illiglo of attack.

LAN(II.EY ]tl.;Nl,;Ali;t'l! (?EN'I'I.;R_

_'A+rIO._;AL AIqI_.(INAI'I'I('N AND _PA('t'] AI)MINIS.TR.kTI(iN_

LAN_ DEY FH':LD, VA., February 25, I959.
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